The relationship between structural and health services variables and state-level infant mortality in the United States by Bird, Sheryl & Bauman, Karl
The Relationship between Structural
and Health Services Variables
and State-Level Infant Mortality
in the United States
Sheryl Thorbum Bird, PhD, MPH, M, and Karl E. Bauman, PhD
Introduction
Reduction in infant mortality has
been identified as a major national prior-
ity.' In 1991, 36 766 infants died in the
United States. We focus here on all
states because their infant mortality rates
vary substantially (from 5.8 to 11.8 per
1000 live births in 1991),2 because states
have a major responsibility for policies
and programs designed to reduce infant
mortality,3'4 and because knowledge of
state-level determinants may contribute
to reductions in state-level infant mortal-
ity. In this paper, we examine structural
and health services correlates of state-
level infant mortality. We use the term
- structural" to subsume social, economic,
and political variables.
Public health researchers, practitio-
ners, and leaders have long argued that
social, economic, environmental, cultural,
political, and historical influences on
health must be addressed if health out-
comes are to be improved.5-12 Some
.............. public health professionals stress the
relative importance of structural variables
in comparison with health services varn-
ables, but health services are almost
always the public health response to
infant mortality."' '7 It has also been
posited that structural variables influence
health through multiple paths including,
but not limited to, health services."''8
We hypothesized that structural vari-
ables account for more of the variance in
state-level infant, neonatal, and postneo-
natal mortality than do health services
variables. Health services were hypoth-
esized to have a stronger association with
neonatal mortalitv than either infant or
postneonatal mortality because of the
relative influence of medical technology
and care on neonatal mortality.'9'2" It was
also hypothesized that the relationships
between structural variables and state-
level infant, neonatal, and postneonatal
mortality are reduced but not eliminated
when health services variables are con-
trolled. Health services were expected to
mediate more strongly the relationship
between structural variables and neonatal
mortality than that between these vari-
ables and infant or postneonatal mortality.
Methods
Few infant mortality studies have
used all states as the units for analysis, and
none have had our purpose.-'25 Infer-
ences about state-level infant mortality
from studies conducted at other levels
(such as the individual) can be inappropri-
ate.2'-25 We selected structural and health
services variables for which we could
hypothesize individual relationships with
state-level infant mortality. In particular,
social structure theory suggests that ra-
cial, educational, and poverty distribu-
tions, as well as residential segregation
and gender discrimination, could influ-
ence state-level infant mortality. In addi-
tion, politically liberal states may be more
supportive of policies and programs that
would reduce infant mortality, and states
with more women might dedicate more
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resources towomen's and children's health
and thereby influence state-level infant
mortality. States with proportionately
more physicians, fewer uninsured individu-
als, fewer mothers who have not obtained
prenatal care, better access to abortions,
and greater commitment of resources may
have lower infant mortality. More de-
tailed justifications for selecting each of
the independent variables and their re-
spective measures (for some variables,
more than one measure was obtained)
have been provided elsewhere.29 We
selected measures that were available for
all states.
The structural variables were propor-
tion of Black individuals in 1990 and
proportion of Hispanic individuals in
199030; percentage of persons 25 years of
age and over who were high school
graduates or higher in 1990 and percent-
age of the same age group who had a
bachelor's degree or higher in 199031;
percentage of all persons with income in
1989 below the poverty level (among
those for whom poverty status was deter-
mined)31; five residential segregation mea-
sures for 1990 (weighted and averaged
indices of dissimilarity, interaction, rela-
tive concentration, absolute centraliza-
tion, and spatial proximity for metropoli-
tan areas within each state)32; ratio of
male to female median earnings (for
persons 16 years of age or older, working
35 hours or more a week for 50 to 52
weeks) in managerial and professional
specialty occupations in 197933; number of
times Republican presidential candidates
carried each state from 1968 to 1988M;
and proportion of each state's population
in 1990 that was female.30
Health services variables were the
numbers each of physicians, obstetrician-
gynecologists, pediatricians, and family
practitioners providing care in 199035 per
100 000 civilian population in 19893;
percentage of the civilian population
under 65 years of age with no health
insurance in 198937; proportion of resi-
dent live births having received delayed,
late, or no prenatal care in 1988 and
proportion having received late or no
prenatal care in 198838; number of abor-
tion providers in 198539 per 100 000
women 15 to 44 years of age in 199030; and
proportion of the state's general expendi-
tures spent on health, hospitals, and
public welfare in 1990.40
The dependent variables were the
1989 infant mortality rate (defined as the
number of infant deaths in 1989 per 1000
live births in 1989), the 1989 neonatal
mortality rate (defined as the number of
deaths from birth to 27 days of age in 1989
per 1000 live births in 1989), and the 1989
postneonatal mortality rate (defined as
the number of deaths from 28 days to 1
year of age in 1989 per 1000 live births in
1989).41
Four potential confounding variables
were included in some analyses: propor-
tion of the population living in a metropoli-
tan area in 1990,30 proportion of the
population living in an urban area in
1990,30 median age in 1990,42 and total
population in 1990.30
To reduce the ratio of the number of
independent variables to the number of
states and thereby better satisfy assump-
tions of the multivariate analyses used
here, we eliminated, in preliminary analy-
ses, independent variables (1) with little
variation, (2) with correlations of .90 or
more with other independent variables,43
and (3) with significance levels of greater
than .1 in regressions that involved mul-
tiple measures of the same independent
variables (e.g., residential segregation)
and the mortality measures. As a result,
proportion female, numberofobstetrician-
gynecologists, number of physicians, pro-
portion resident live births having re-
ceived late or no prenatal care, proportion
Hispanic, and spatial proximity were
excluded from subsequent analyses.
We performed multiple regression
analyses using a backward elimination
procedure to produce a reduced struc-
tural model and a reduced health services
model for each dependent variable. Incre-
mental F ratios indicated that reduced
models were not significantly different
from their corresponding full models.29
We performed the same analyses for the
regression models consisting of confound-
ing variables. Plots of residuals and
predicted dependent variable scores and
Cook's distance statistics for the reduced
models indicated that assumptions of
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1. Structural model (RS) .645* .639* .506*
2. Heaith services model (RH) .315* .352* .267*
3. Difference in R2 .330 .287 .239
4. z-test statistic 2.99* 2.60* 1.91
5. Confounding variables (RC) .066 .228* .069
6. Structural model with con- .654* .639* .520*
founders (RS+C)
7. Adjusted structural model .588* .411 * .451 *
(RS+c - RC)
8. Heaith services model with .359* .441 * .306*
confounders (R2+C)
9. Adjusted health services model .293* .213* .237*
(RH+c - RC)
10. Difference in adjusted .295 .198 .214
models' R2
11. Model with structural, health ser- .671 * .663* .568*
vices, and confounding vari-
ables (RS+H+C)
12. Adjusted structural model con- .312* .222* .262**
trolled for health services
(RS+H+C- RH+C)
13. Reduction in R2 for adjusted 46.9 46.0 41.9
structural model when health
services were controlled, %
14. Adjusted heafth services model .017 .024 .048
controlled for structural vari-
ables (RS+H+C - RS+C)
15. Reduction in R2 for adjusted 94.2 88.7 79.7
health services model when
structural variables were con-
trolled, %
*P < .01; **P < .05.
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normality, linearity, and homoscedasticity
were met and that there were no outliers.
We calculated z tests43 to determine
whether, for each dependent variable, the
multiple correlation coefficients for the
two sets of independent variables were
significantly different.
Hierarchical regressions were con-
ducted to determine the R2 values for
models adjusted for confounders and the
R2 values for structural models controlled
for health services. Some analyses were
also conducted for 1985 dependent vari-
ables in order to assess the temporal
stability of the results (preliminary analy-
ses indicated that dependent variables
were temporally stable29).
Results
In comparison with the health ser-
vices variables, the structural variables
accounted for a substantially greater
percentage of the variance in infant
mortality (64.5% vs 31.5%), neonatal
mortality (63.9% vs 35.2%), and postneo-
natal mortality (50.6% vs 26.7%) (Table
1). The z-test statistic indicated that the
multiple correlation coefficients of the
two sets of independent variables with
infant and neonatal mortality were signifi-
cantly different. As hypothesized, health
services accounted for more variance in
neonatal mortality than in infant or
postneonatal mortality.
Although the variables identified as
potentially confounding were not related
to infant or postneonatal mortality, they
were related to neonatal mortality (Table
1, row 5). When adjusted for confounding
variables, the incremental R2 for each
structural and health services model de-
creased (Table 1, cf rows 7 and 9 with
rows 1 and 2, respectively). Similar to the
case for the unadjusted models, the
adjusted structural models accounted for
more variance in the dependent variables
than did the adjusted health services
models (Table 1, row 10). When adjusted,
health services were most strongly related
to infant mortality and least strongly
related to neonatal mortality (Table 1,
row 9). Thus, our hypothesis regarding
the relative strength of the association of
health services with each of the depen-
dent variables was no longer supported
after adjustment for confounders.
Because the strength of the associa-
tions between the independent and depen-
dent variables was reduced when adjusted
for confounders, we made these same
adjustments when assessing health ser-
vices as a mediator. When health services
were controlled, the structural variables
accounted for an additional 31.2% of the
variance in infant mortality, 22.2% of the
variance in neonatal mortality, and 26.2%
of the variance in postneonatal mortality
(Table 1, row 12). In comparison with the
adjusted structural model (not controlled
for health services in row 7), this was a
reduction in incremental R2 of 46.9%,
46.0%, and 41.9%, respectively. Contrary
to what we hypothesized, the reduction
was greatest for infant mortality. Even
when health services were controlled,
however, the relationships between the
structural and mortality variables were
statistically significant. Analyses in which
we did not adjust for confounders pro-
duced similar results, except that the
reduction in incremental R2 was greatest
for neonatal mortality, as predicted (data
not shown).
These analyses also permitted calcu-
lating, for each dependent variable, the
changes in R2 for the adjusted health
services model having controlled for the
structural variables. When structural vari-
ables were controlled, the health services
variables accounted for less than 5% of
the variance in infant, neonatal, or post-
neonatal mortality, and the relationships
between the health services and mortality
variables were no longer statistically signifi-
cant (Table 1, row 14).
When analyses were repeated with
1985 rather than 1989 measures of the
dependent variables, the same general
conclusions were derived regarding the
relative strength of structural and health
services relationships to infant, neonatal,
and postneonatal mortality and the medi-
ating role of health services (data not
shown).
Discussion
Structural factors were strongly asso-
ciated with state-level infant mortality,
and a considerable portion of the associa-
tion remained after health services were
controlled. These findings support a view
of state-level infant mortality in which
structural factors do not influence infant
mortality entirely through health services.
Intervening directly on structural vari-
ables or intervening on other mediators
(e.g., life-style) may be necessary to
achieve adequate reductions in state-level
infant mortality.
The confounding variables had the
strongest relationship with neonatal mor-
tality. When adjusted for confounders,
health services were least strongly related
to neonatal mortality. A possible reason is
that confounders, such as the proportion
of the population living in a metropolitan
area, may in part measure or reflect access
to neonatal intensive care units. Neonatal
intensive care has been credited with the
reduction of low-birthweight-specific neo-
natal mortality that has occurred in the
United States during the last 25 years.44
Access to neonatal intensive care may
have a stronger relationship to state-level
neonatal mortality than the health ser-
vices variables included in this study.
Future research should identify a state-
level measure of access to neonatal
intensive care and assess its relationship
to state-level neonatal mortality.
Specification error is one possible
limitation of this study. The relationships
described could be confounded. That is,
the R2 for each model could reflect, in
part, one or more unmeasured variables.
This may not be a problem for interpret-
ing the findings if the unmeasured vari-
ables are of the same type as those with
which they are related. For example, if the
R2 for the structural model of infant
mortality reflects an unmeasured eco-
nomic variable (e.g., unemployment), con-
clusions drawn about the relative associa-
tion of the two sets of variables would not
change. Alternatively, the structural mod-
els may have accounted for more variance
in infant mortality than the health services
variables because of an unmeasured health
services variable related to both the
structural variables and infant mortality.
If this is true, our conclusions may require
revision.
This is one of the few studies that has
analyzed correlates of infant mortality
across all states. Studies using aggregates
other than states, however, have pro-
duced compatible findings.45 More state-
level studies could be worthwhile. Assess-
ing the relative importance for infant
mortality of individual structural and
health services variables may enhance
understanding of state-level infant mortal-
ity determinants and provide more spe-
cific direction for policies and programs.
Future research could also add variables
to the models that might increase the
amount of explained variance in infant
mortality and influence each variable's
relative contribution. Other studies could
search for more potential confounds and,
when appropriate, determine the tempo-
rality of relationships. Research that
involves mediators such as life-style and
physical environment, in addition to health
services, could improve understanding of
the association and better inform policies
and programs. Studies that simulta-
28 American Journal of Public Health January 1995, Vol. 85, No. I
Infant Mortality
neously involve states and individuals also
may contribute to the understanding of
determinants of infant mortality and to
interventions that reduce it.
Our findings suggest that public
health may most effectively reduce state-
level infant mortality by targeting state-
level structural correlates of infant mortal-
ity. This is contrary to the common public
health strategy of promoting individual-
level health services. This is not to say that
health services should be abandoned as
an intervention for reducing infant mortal-
ity, and health services do influence other
health outcomes. In this analysis, how-
ever, health services accounted for less
than 5% of the variance in state-level
infant mortality. Our findings suggest that
changes in health services alone may not
eliminate the disparity in states' infant
mortality rates. D
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